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ABSTRACT 
Photographie examination of the bubbles cecuring in 

Loeal Bolling Neat Transfer experiments has led tə the con- 
€lusion that for distilled, degassed water and e stainless 
stesl supfaee the bubbles prefer one particular size, -2.86 
mila dlemeter. ἡ model or mechanism for vapor formation is 
introduced and 1t is shown that this model supporta tho ob- 
served phenomena of a preferred bubble size, Use is mace of 
the result of the analysis as & eondition for boiling, end a 
possible explanation of the burnout precess. 
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1, Introduction 

Por some years now there have been considerable efforts 
made to take advantage of a heat transfer process knom ag 
Local Bolling Heat Transfer. It is characterized by a large 
difference in temperature between the heated surface and the 
bulk of the fluid. Im general, the temperature of the fluid is 
well below the saturation temperature for the fluid pressure 
while the hoeted surface la a few degrees above the saturation 
temperature. The boiling is confined to the vicinity of the 
gsurfece. The bubbles that do form condense in the cooler bulk 
fluid and there ig not net vapor generation., The process can 
immensely incresse the heat transfer rate without any appre- 
elable increases in temperature differance between heated gure 
faee and bulk fluid, 

In the course of somo experimental investigations to de- 
termine density variations due to local boiling, some several 
thousand pletures were made of the vapor bubbles formed on tho 
hested surfaces, under a wide renge of conditions, At oonsider- 
able effort, the bubbles on many of these pictures were counted 
end classified as to size. 

The object of this paper is to oxsmine these ‘bubble counts! 
to obtain some further understanding of 'Loeal Boiling Heat 
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2. Presentation of tbubble count! data. 
A. Sourea of data, 

As deseribed in referenes (H-1), George Henry, in 1953, 
was able to photegreph bolling on an electrically heated surface 
over waich distilled, degassed weter was flowing at verious come 
binations of pressures - (500, 1000, 1500 psia) =~, velocities -~ 
(20, 30 ft. per second) -, subcoolings - (0%- 150° P) -, smi 
rates of heat transfer ~ (approximately 10 - 50% required for 
burnout). The flow channel was a scusre gestion .500 inches on 
a side. The water flowed vertically upward through this channel. 
The heeted surface was of atainiess steel and 3.00 inshes long 
and 3/8 inch wide, These conditions resulted in fully developed 
turbulent flow in the region of interest.  Tne boiling thst oc- 
curred was observed to bo confined to a layer next to the heated 
strip. Bubbles were observed to fors on the surface and to col- 
lepse without apparsntly moving from the surface, This type of 
boiling is called Ilocal boiling?! and is characteristle of boil- 
ing under conditions of highly turbulənt flow of subeooled water 
over heated surfaces, 

À h by 5 inch laboratory still camere wss focused on the 
heeter strip in eonjumetion with a single Slash light sources 
whose period of Illumination wes about 2 microseconds, 

& complete deseription of the spparetus used end the oxperle 
mental techniques employed is siven in refereness (i=l), Refere 
ences (M-1) and (M-2) made further use of the apparatus and ra. 
fined the technigues used in (H-1). Since in tbis peper little 
exact use is made of any data, it is believed unnecessary to re- 
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count the experimental proceduros in detail. 

Por a particular set of variables, system pressure, bulk 
temperature, velocity, and heat flux density, ten pictures were 
taken, Pu of these ten were seloeted as representative and 
anelyzed. To reduce the time for analrzinz the pletursa, only 
a small portion of the heater strip neat its upstrean end weg 
used. The size of this section ens 1/2 inch in length by 1/2 
inch in width. Gauso marks in the ehannel were used to detere 
wine the rieture asgnification for esek ράβψωπο, Tuis pes Has 
Subdivided and the mumbe: of bubbles eounted in each subdivision, 
Then esch bubble of nicture size of 0.01 Inch clameter and greater 
vas messurad to thes nearest 0.61 inch. All remaining bubhles 
wore grouped at a pieturs sizs of 0.00% Íínehos. 

The setual dimensions of the bubble were determined fros 
the magnification factor (a^proximately 5), end a fector to 
account for the relation between earparsnt bubblo size and true 
cubble size (experimentally determined to ba .334). This is 
worked sut in reference (X=) and corrected in reference (e-l), 
With wessurements made to the nearest ©.0]1 ineh, a megnification 
factor of 5 and a conversion factor of ,834, it is arparent that 
the resolution in determining the actual size of the bubble is 
of the order of 2.5 mils. 


Ins results ars tabalated in arpemdix I as numbers of pub- 


bies at esen bubble sise Sor the rartícuiar eonlítions in fores. 
b. Discussion οὗ Data. 
Several rerresentetiva seta of data fros appendix I heave 
been plotted in figure (1). One of the four pictures that was 


used to obtain esch set of dats is shown in figures (2) through (7). 
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Te pictures appeer to show considerable variations in 
size and numbers of bubbles with chon ¢s in pressure, velocity, 
subeooling, and rave of heet tramafer. At first glance, the 
curves of Misuro (1) show similar degrees of variation. om 
ever, the really striking thing about the curves is that they 
all tend tu peak at about 2.85 mils diameter, All of the data 
in appendix I has been plotted and thse diameter at wileh the 
peak occurs noted, This iz preasnted in Table I, along with 
the Gevietions from a mean value of 2.06 mils, Bearing in mind 
that the resolution used in measuring bubble diameter was about 
2,5 miis, 1t appears that, for the experiwental cases inveati- 
gated, thes ua jority ol bubbles at eny instant are in the approxi- 
mate rango of 2.1 to 3.6 mils dismotor. 

In reference (Gel), Gunther made a photographie study of 
boiling under forced convection conditions at varicus flow rates, 
degross of subcooling, heat fluxes, but at essentially atmos- 
pherie pressure. He concluded that bubble size increased with 
decreasing velocity, with decreasing subcooling, and moderately 
inereased with decreasing heat transfer rate. is conclusions 
were made on the measurement of relatively few bubbles. His 
conclusions do not appear to be borne out by the more exhaus~ 
tive measurenents presented in this paper. 

Gunther, in the same paper (G-1), provided seversi praphs 
ar bubble size as a function of time. A curve of the general 
shape of Gunther's is given in figure (8), Blocking it off in 
equal increments of size (whieh is the vay the bubbles were 


measured in tho data prosentsä) makes it quite sbyioug thet a 
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bubbla a-enis the majority of its Life time at or nearly at ita 
maximum sizs. Swrefore, * pleture wich tepicte a one or two 
mie¢rozecsnd Instant will cate wort of the ουν at their 
marim sise. Tae data pressateld la really vroportionsl! +o the 
meximas sizes atizined by the Dubbles. The peaks at a bubtle 
size ot 2.56 ails represent fully developed bubbles and are not 
the result of a pleturs eatching د‎ rest mumber of bubbles In 
® growth or cetcay phase. 

There are, for meny cases, large numbers of reletivsiy big 
bubbles counted. A close lock et fime (h) sugeeste the cause, 
What were counted es large bubbles wers most likely morgsre of 
several smaller bubbles, The very fact that even in such & 
ease at that in rigare (h4) - ease U - the bubble count shows a 
peek in the vicinity of 2,96 mils tenda to support this theory. 

In summary, the data sureste that for highly turbulent 
Ziow ol cold water over a hented surfece, lmbbhee prefer to 
grow te me pertieuler pise, Thet thie particular size is a 
constant for a wide range of conditions and rates of host trens- 


fer is also. strongly wugrested, 





9093 odel for the Formation of a Bubble. 
g. Temperature distribution, 

In the experiments under conaideration, highly turbulent 
water is flowing ever a heated surface. Yueh work has beer dons 
in studying tne velocity diatribution for isothermal turbulent 
flow anc is ecncisely summarized by oidams, reísrenes (N-3), 
Generelly speexing, three regiona of flor aro usually deseribed; 


& laminar sublever next to ths eurfece in which the flew is 
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streamline, a buffer layer in which the motion of the water 
oscillates between streamline and turbulent flow, end the bulk 
of the fluid in whieh the flow is completely turbulent. x=“ 
porimental work, particularly by Ralkwuradse, has led to equations 
for the velocity distribution. From these, equationa for the 
eddy diffusivity of momentum can be written. Now if we consider 
thet the boundary is heated, we can say that host is conducted 
through the laminar boundary layer by molecular conduction, 
through the buffer layer by both molecular condue tion and mechan- 
leal mixing, and through the bulk by mechanical mixing, Squa- 
tions similar to thoas for eddy ciffusivity of momentum can bs 
written for the eddy diffusivity of haat. The sucessa of kar. 
tinelli end others in utilizing this analogy leads to the pre- 
Gdietion that the temperature distribution through the water is 
very nearly the same as the velocity distribution. For the pur- 
pose of this paper we will consider two regions of flow and their 
temperature distribution. We will essume that in the laminar 
sublayer the temperature has a linear distribution varying froma 
the boundary temperature to the bulk teuperature, and that the 
bulk temperature is constant. 
be Adiabatic formation of a bubble. 

We will essunze that the bubble will originats at a point 
on a heated surface. Available to this point 1s the energy 
from the water around it. The modol we propose 1s that a hemis- 
phere of water on the heated surface with a toupersturs distri- 
bution as given in section 2. a. change adiabatically from this 
state to a state composed of part vapor and part liquid, all 


now at saturation teapsrature corresponding to the pressure 
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of the system. There ara several reasons for choosing this model. 
First, bubbles are kuown to originste on surfaeet, One of the 
reasons for thie is that the presence cf minute curvatures on 
the surfece l6ssen the energy requirements for bubble formaation. 
This is in accordance with Gibbs rejuirement for thermo dynamike 
equilibrium as regards pressures ol a two phase system! 

Esc: ar Secondly, as pointed sut in section 3.1,‏ هام ام 
there is almost certainly a slow moving layer of water next to‏ 
the boundary through which a temperature gradient probably ex-‏ 
ists. Thirdly, a hemalsphere is a reasonable shape as there‏ 
appeara mo reason to suppose a preferential Gireetion for the‏ 
flow of energy to the solectel point. In the fourth pleee,‏ 
since the formation of a bubble is known to be a rapid process,‏ 
it can well be assumed to bo en adiabatle one. And lastly, it‏ 
geems correct to state that et its maximum aize, 2 bubble will‏ 


have attsined thermal equilibrium with its surrounding. 


lke Application of Gibbs Stebiilty Criterion to Model, 

In the proposed model, water existing in one state suddenly 
couses to exist in this stete and appears in an entirely differ- 
ent state. Aceoráing to Gibba, reference (0-2): "For the egui- 
librium of any isolated system lt is necessary; and sufficient 
that in all possibles variations əf ths state of the system whieh 
Go not alter its energy, the veríation of its entropy shall 
either vanish or be negative," Conversely, if our model is a 
possible ono, the entropy of tho water in its sseond state must 


de greater then its entropy in the first state, 
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Gibbs criterion certainly implies thet the most probable 
state of an isolated system is the one for whieh its entropy 
is greatest. ‘there seems no reason why this cannot be inter- 
preted to say that any non-equilibrium state of a system can 
spontansously shift to a state of higher entropy. There seoms 
mo reason to require that the gecond or new stste bo an equiili- 
briw stato. 

Ye heve taken for our system the mass ol a hemisphere of 
water on the heated surfecse. Such a system, as it oecura in 
the experimental setun, is one of en infinite number of such 
systems. It is not en isolatec system. However; if wo assume 
that during the transition from ome state to another, the gya- 
tem suffers no gain or loss of cnergy, then we een still &pply 
Gibbs criterion. 

We ean write this assumption as sn equation 
1.) JE - d@ + dw = o 

Since we have postulated an adiabatic change of state: 


2.) AE cu = © 


3.) da - p 

Por the transition to take plece, 
h.) Μες + Mose - Sp Lo Ti = o 
or the entrory of ihe vapor plus the entrory of the liquid in 
the second state must be grester then the entropy of the liquid 
in the first state, Yor simplicity, we have neglected the en- 


tropies of thes interfaces. 
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Frou ocur modal we can write the temperature gradient: 
— 8١ ΝΤ 
vw I — jp 
Since our ayaten a mass ef wetter we can write: 
= 5 
Me e Ue o 0 a = egy 
"nhe entasipisas of the ὑπο M teing equal gives equation 
f 一 τοπ. F =) 
à y G / - a 5 a 
Ms hs + Me he š e Ch le (To, CS اد‎ ὁ = 
s 2 一 . έτος 1 
flash, € Mghg - TALENT) 


Solving equations (6) snà (0) for Mg gives: τ 
3 z cR e E ls 
)څ‎ ۲۴٣ -r&c, ( 330-4 e) 
As - hs 


že cen rowríte equation (1) as 
5 5 
— (M- Ms + Mes F = 
/4 
AS: = Meses > $ سل( دوم‎ 
M 
DS = M 555 E j (5 - 5g) den. 
AA 
SS, = Mose. = í =, l Tig tm 
S eh T Tí dm = hep JC > x 25) [ee σα 


Rearranging and using the series expension lor ln(x) we 


can write the integral ae: 






















— "179 em sun u > y. e” ô 


ολ... r E — 
— —— - هر‎ Ml mr e E 


ο... 


>. 
ee (> لي‎ 9 τ] š = AÑ £^ ED + aig 


ου.‏ — — د دي ت- د 


7 7 T a z LN 3 Yan ` — - * an ^ 
' | "5 
* m "ag m اف = * ام‎ 
Und: -- ا‎ dl + 
. — — 














—— 


B ! t A.‏ فد 
τ καὲὶ NM + LA‏ 8 — 

| ° 

a { " E DM " ec («8 I 

^ 


6 = SS) ιν. 


a Ao REM, Bean Ye 





| | Sy κ یې‎ υ ^t a 
«Ὁ vos GU کچ‎ 2 DA (x a> x" E X ha os ٨2 dy M 


اسټا مات 
， ممت niam‏ تاس ——" pr Im ja‏ 


(oe pu ο elder ait 








a 36 « 


b. 
we EN 1 
If ibis integral ia worked sub it Le found that the first 
tera in the brackets produees the true value of the Integral 
Almost exactly for ell values of À loss then 3x. wileh turns 
out to include all systems having positive AS. Therefore we 


will write tro Integral 


ο ρατος να 


This ùe readily integrated to: 


md Y Sr (EEN FRE 


Combining thia result with equotion (5) we con write: 


18.) AS (CA XZ- YS ږ 7/2 که‎ zT] 


Theo firot term la almost وب‎ one end we can write: 


19.) 4]s« fa) | 3 T Se ] [87 سوک‎ x 7 
5 
20.) (5-(: 5-5 YT م‎ PNG $ ٠ 


Throughout this derivation ws have assumed that tho density, 
% » and the heat capmeity, Ce s of the liquid in ita init1s1 
state wore constants. This is remmenable Lf the wall temspors- 
tura, ζω ὁ is not very much greater then tho saturation teaperae 
ture, 75 e 
If we osusidor a situation in which the vall temperature 
48 $onstsni, Revove saturation texperature, but below that whieh 
ezuses vicorous boiling, Une tora x, which appesra in equation 
| 
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(20) must be s constant, Por a civon yates, « given mana of 
water, # civen nemiaphere of water, 4 given R in equetion (20) 
wo will göt om value 9725 , If Bite value is positive w can 
say that the Firen @ystem is lú un castabile stato, If we plot 
this funetion against system alge, 3, we get the ourve of Tig- 
wre (9). This hes been Goni ised. | 

5, Interpretation of Aasult of Applying Gibbs Criterion. 
Bearing in mind the model chosen, we san say that Then- 





ever there is e temperature gradient through the water, there 
exists a gost unstable ayatem. This is the peak polat in figure 
(9), The model and equstion (20) «annot be interpreted to give 
the conditions necessary for a change of atata, They should be 
interpreted as follows, If the ersdiest through the water is 
changing, ons particular system bez a wach greater probablilty 
ef changing state before any other system does, That la, one 
partieuler system (the one for which R © 2x,) will reach eri- 
tieal unstsoility first. Critical unatebility is probably de- 
termined bs suck fectors as reughnosy of surface, purity cf water, 
wettability of surfaco, work to produce, interfaces, both solid- 
vapor and liquid-vepor, and many others, 

Squation (9) ean be differentiated with respect to Š end, 
it is found that R = aX, is the necessary condition, for tha 
cifferentiated equation to equal zero, Thus the system thet 
first reaches eriticgal unstability 12 elso the gysten theat pros 
duees tue greatest sass of vepor when it changes stats, If νε 


substitute R * 2x, in equation (9) anc let 
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wo arrive rerfiiy st the result 
- h > 

20.) τ - ος ος 


Wie, 
Fron tie diseussíon in section 2, it appears that we could 
substitute for r the velus ء1‎ 3 mils, am? the equation becomes 


3. Er a 
m DRM QE 


Ths interpretation ts be pleeed on this ecuation Le as follows, 

If we een setiefy the equation, boiling will cecur. The quan 

tity 2. Is Zspandent on the tilexnses of the Iauiner sublayer, 

which 15 dovtermired by fluld flow mechsales 1f there is no boile 

ing. Thur some solutions of equation (23) will just not be possible. 
Thet isp if (T, e 1 is e very smell number, the x, required by 

the equstion mey be o greot as to piece it cuteide the leminar 
nublayor. 

In the oxpariments being considered it has veer found, 
reference (H-1), that (T, = Tg) is spproxinately LO rote 
pressure of 1000 psia. The volue ot hes t hep P¢ et this pressure 
18 2,9 in tes arpropriste units. Uhersfere, tho value of x, و«‎ 
quired ic epproxbeately 0.91 mile. Tale must herve boom 4 rotle 
igable velue. It goss a reasonable ont. 

he setion of boiling is generslly considered to lnerscss 
the turbulenes nsar the heated surfece. This added turbulence 
or wixing ia felt to geesunt for tos crestiy increased heel transe- 


Ter. As the vavor moves away from the surface, liquid from the 
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surrounding replaces it, هلاه‎ Sith there cen Le i 
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o wel 


de 


laminar 3U)-Layor onca Golilag Aue commoneec, ws ean feel com 
fident thet there 18 slwaye Water next to some portions of the 
surface and tnis water is being ueztad by molecular eonduevion, 
We can think ane speak of en effective laminar sub-layur, Απ 
the neat surpiied to a zurlace 1s inors8394, the amount of bub- 
bles inereeses but tne aurfece tompereture remains EONS E HR o 
There is a limit, however. When the bubbling beeones salile- 
iently vigorous, ihe hest ironsfer rete suddeniy goes down end 
the temperatura of the surface £595 up until tbe surfece melts, 
Another way of looking at equation (23) would be to say that 
only a very, very thin leminer cuv-leyer is necessary to keep 
the surface tenpereturs no more (aan ig” above the saturation 
temporature et 1000 psin. ow wt: sujpose thie bubiling to set 
so viverous as bo reduce the biicatess of even this leyer. The 
value of the critical unstébility is still the seme, however, 
and to produce it a stesper grodient will be required, The 
wall temporature will rise md the bubbling continue end become 
more vigorous. Onee sterted thia process almost instantiy pro- 
ceeds to bubn out, 

Perhaps the most profitable uss that this equetion (22) 
ean be put to is in conmection with transients. If the tem- 
perature of a surfece rises very rapidly with time, the tem- 
perature distribution in the water 1s obtained from the solue 
tion of the àiffusion equstion, eonsidering that no naturel con 
yeetion can teke plees in such e short tive and eonaiderins the 


water as s semi infinite medium. If the temperature rises lin- 
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sarly with tire, the solution is of the form: 
2 
8.) T- εις) ο & - A is 
Rf NX Virkt 
At som tive both this equation end squstion (22) will give the 
smae value of XX, is the velue of z im equetion (2k) for 
which T 2 τα» At this time the wetter next to the hested surfese 


will begin to boll. 


5. Summary. 

Although this paper nae some numbers in it, only the guslie- 
tetive ideas ere of any imrertence. Por s parti¢uler combina 
tion of surfece and liquíé some eritical suomt of unstatility 
is reguired in the liquid before varor can forma. If as in the 
ease of highly turbulent flow of lisuld over § heated surfaces, 

a temperature gradient existe throurh the liguid, one pearticuler 
mass of the liquid will be the most likely to attain this degree 
of instatility. Therefora, the Imbhlos of venor formed vill be 
of one size, If the amount of unetabliity reculred is known, 

or if the particular bubble size is known, s condition for boil- 
ing een be written. This simply requires that the distance 

thet the gsaturetion temperature reech irto the liquid be Ine 
versely proportional to the sube root of the derrers of super- 


heat of the surface. However, neither the diztanee, x y nor 


دي 
the superheat are independent variables. The equation ean‏ 
only be thought of as a limiting condition, If the leminar‏ 
sub-layer is thick, the degrees of sszperheat required for boll-‏ 


ing is determined by the eritical unstabllity and the degrees 
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of surserhent will remain constant untíl the layer is so re- 
duced in thickness by vublle action thet the surface tompers- 
ture must rive to produce the erftileal unsteotiity. If a sum 
face is rising in temperature raoicly, then the equation can 

be interpreted te mean that bolling will not oceur until the 
actual gradient in the water is the me required for the ten- 


rerature of the surface at the moment. 
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E- internal ensrgy-ETV 
Q- Haat quentity-2TU 
w- Tork quantity=327U 

H- Znthalpy-27U 

κ. Wess of shturstod vapor-L!"m 

= Zntropny per unit mags saturated vapor StU /L Bmp 
Mç- Mess of satursted ligquid-Lim 

Sg entropy per unit mass setureted Liquid B:U/LBm-?n 
[| - Total Mass of system Llu 

Ç p-Constant pressure specifics heat BTU/LBn- p 

T- Temperature="R 

Ty» - Te perature of boundary (hosted surface) ?R 

Ts - Teuperature of saturated licuid R 

Xs- perpendicular digtanes from heated surface at which 


water temperature is T. -mils 


s 
- perpendicular distance from hested surface -ails 
£ Radius of hemisphere of iiguid-míls 

Age-5f‏ ۳ل 
hpg- Bash"‏ 
hs. enthalpy per unit mass of satursted liquid BYU/LEn‏ 
he - enthalpy per unit mass of saturated vapor DTU/LDm‏ 
F- Radius of bubble - mils‏ 

Fs- density of saturated liquid ο σε, 

T . density of saturated vapor . LBm/£4? 

p— Pressure of vapor 
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P — pressure of liquid 


ς,,Ο.- semis of curvaturo 


Y= surface tension 
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EPU/IV"- ar 
20 2.3% x 105 117 
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23.25 
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Case Freasum Velocity G/A 2 Subeooling Number Diemeter 
rais ft/rsee — DTU/ft^-hr oP mila 
C 500 w az s 870 1.23 
τι 3. 2.16 
591,5 3 
121.0 7.36 
20.2 90,80 
3.2 12.30 
lE 14.70 
D 500 20 1.70% x 10% ορ 16 1,83 
512.2 2446 
299.0 4.91 
40.5 7436 
11.5 9.80 
5.0 12,30 
620 1.70 
# 17.20 
« 19,50 
«Ὁ 24,60 
E 500 20 1.43 x 10° 92 12.5 1.23 


h27.0 26 
186.5 1.91 


30.2 7.36 
10.2 5.80 
2.5 12,30 


395 14,70 
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Case Pressure Velocity Q/A 2 Subgooling Number Diameter 

pasia ft/s 717/۳ یل"‎ r ails 

0,7 17,29 

1.2 19,60 

oS 2.40 

P 1000 20 2.155 x 10^ + 95 be? — 1.26 
1277.3 2.50 

375342 5,00 
23243 74600 

34,0 — 10,10 

5.0 12.60 

«75 15.10 

75 89 

T5 20.20 

a 1000 20 1.620 x 10° یو‎ 336.8 1.26 
166.2 2,50 

179,1 0 

103.2 1460 

98.8 10,10 

2309 12,60 

9.0 15,10 

E 1000 20 1.515 x 10° 95 Shel 1625 
h67,8 2:50 
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3,1 7.50 














Preesura 
pela 


| 33. 


Talar it /& 2 59b220111 
| — nta op - 





20 11358 «κ 10% نه‎ 


20 1.258 x 10% m 


20 1.28 x 10 MS 
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πιο 2 cU 
0.56 12.50 
0.78 15600 
3.9 1,85 
385.6 2.51 
38.1 5.02 
132.5 7254, 
90.3 10.08 
81.7 12.56 
645  — 15107 
1.26 
2.50 
5.00 
7.60 
10.10 
7.5 12,60 
2.0 15,10 
a9 17,60 
43,7 1.22 
499.5 2.5 
339.7 4,39 
198.2 لاد‎ 
100,£ 9,19 
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20 799 x 10° LS 


344.5 
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پد 
95.0 
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20 1.035 x 10% 20 63 
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358.75 
292.5 
197.5 


4,99 
1.34 
9:79 
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Case 
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~ % . 


VeloalLty wA. 


Subcou lin Bunter 
ft/mse — DIO/IVXC-hr oy , | 


29 e519 x 10° 


20 220.5 
312.75 


220.75 


1,460 
17,03 
19.5 
a. 98 
88.53 
85.74 
29,20 
341.455 
3h.. 05 
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Pressure 
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velocity H £ubeocoling Number 


rt/see —PYU/fi^ ως Q 


^f e 
ae To 


20,75 


C 2,57 x 10° 35 132.5 


دا 
p‏ 
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30 1.9 x 10 97 65.75 
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1.26 
2.52 
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Case Prossure Veloeiöy 2/8 Jubeonliag Number Dimmter 
psis مون ۷۵6 ۷ مین رات‎ "e eilg 


90.75 1.0 
34.0 1,5% 
10.75 10,089 

1.25 12,59 


2.00 15,12 


p 1000 30 11.882 x 10% 70 196.5 1.25 
965.3 2,82 

215.8 s. τὰ. 

31,7 1.56 

3.2 — 19.01 

LE 12.60 

0.25 17.10 


U 1000 30 1E x 10% 70 ih 1.29 
5 2.53 

111,5 5.17 

1 25.7 7415 
l7 10.30 

v 1000 30 .8h6 x 109 ο 119,2 1.22 


639,0 2.45 
232,0 11.90 
19.7 Te 3 
15,2 9.79 
30 122 
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Oase Pressure  Vslocity zn Sudesoling Number Dizsaetw» 
pala Yt/gea Ufe eur ος ale Ἢ 
` bef ll, y 
E Ti 
w 30 53h x 10° 20 182 184 
33547 EAT 
207.0 «= kh 
59.5, y. 35 
2-7 9.90 
x 1000 30 Js? x 10% 10 230,258 1,26 
352,00 2.02 
33۹.804 5.1. 
کہ کو‎ 
116.50 10,09 
22.90 12.66 
6.25 18,1 
Y 30 381 x 100 ې‎ Su lo 
334,6 8ه‎ 
260,0 5.00 
153.75 7.49 
104.0 9.9% 
246 iE 
5475 14:99 
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Case Pressure Velocity Q/A y Subeooling Number Diameter 
psia ft/seo BTU/ft ehr Sp mils 
7 1500 20 2,7 x 10° Uh h12 1.27 
611.2 2.54 
371,0 5.07 
72.7 7260 
29.0 10,1) 
0,7 12.68 
0,5 15.21 
AA 1500 20 2.27 x 10% «ιό 29ἱ.5 1.26 
617.75 2.53 
137-5 5.6} 
25 1.58 
6.25 10,11 
.25 12.63 
BB 1500 20 1.97 x 10° 9h 19.7 1.26 
755:7 2.52 
222.5 5,02 
3000. 7.53 
5.2 10.0} 
cc 1000 20 1.669 x 10% 69 21.7 1,26 
68.2 2.51 
249.2 5.02 
58.5 75h 
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